We examined four clinically assessed cytogenetic subtypes (t(11;14), t(4;14), monosomy 13/del13q and monosomy 17/del17p in 292 black patients with newly diagnosed multiple myeloma (MM) from four medical centers, who had fluorescent in situ hybridization testing results available in their medical records. We then compared the prevalence of these abnormalities with a previously characterized Mayo Clinic cohort of 471 patients with MM. We found a significant difference in the prevalence of the t(11;14) immunoglobulin heavy chain (IgH) translocation between blacks and whites, 6.5% versus 17.6%, respectively, Po0.0001. Blacks also had lower rates of the t(4;14) IgH translocation, (5.5% versus 10%); monosomy 13/del13q (29.1 versus 49.3%); and monosomy 17/ del17p (7.9% versus 13%). Consequently, 63.4% of blacks versus 34.6% of whites did not have any of the four abnormalities that we studied, Po0.001. As almost all MM is associated with either an IgH translocation or trisomies, we hypothesize that MM in blacks is associated with either excess prevalence of either the trisomic (hyperdiploid) form of MM or an IgH translocation besides t(11;14) or t (4;14). We conclude that there are significant differences in the cytogenetic subtypes of MM that occur in blacks and whites.
INTRODUCTION
Multiple myeloma (MM) is a clonal plasma cell proliferative malignancy that is associated with a diverse set of clinical manifestations. [1] [2] [3] It is also one of the malignancies with the greatest disparities in prevalence and incidence between blacks and whites. [4] [5] [6] Several studies have reported between twofold and threefold increased risk of MM in blacks compared with whites. 7, 8 This increased risk is thought to be the result of an increased prevalence of the premalignant condition, monoclonal gammopathy of undetermined significance in blacks. 4 The increased risk of monoclonal gammopathy of undetermined significance in blacks compared with whites is seen in both African Americans as well as blacks from Ghana suggesting a genetic predisposition. 9 The racial disparity in prevalence of monoclonal gammopathy of undetermined significance is present even after adjusting for socio-economic status. 10 A recent Surveillance Epidemiology and End Results-based study found that black MM patients had significantly better disease-specific survival rates compared with whites (P o 0.001). 11 MM has several primary cytogenetic subtypes that can be broadly divided into two groups: translocations involving the immunoglobulin heavy chain (IgH) locus on 14q32, and trisomies of odd-numbered chromosomes (referred to as trisomic or hyperdiploid MM). 12, 13 The most common IgH translocations include t(11;14), t(6;14), t(4;14), t(14;16) and t(14;20); the latter three are generally associated with more adverse prognosis. In addition to the primary cytogenetic abnormalities discussed above, there are additional abnormalities that have been associated with MM that can be seen either from the onset of the disease such as monosomy 13/del13q or mainly with disease progression such as del17p. Unlike primary cytogenetic abnormalities that are typically non-overlapping, these secondary changes are overlapping in the sense that they can be seen in combination with any of the primary cytogenetic subtypes.
A study utilizing samples from MM trials conducted by the Eastern Cooperative Oncology Group (ECOG) found that African American patients with MM have a lower frequency of IgH translocations compared with whites (40% versus 52%, P = 0.032).
14 As almost all patients with MM have IgH translocations, trisomies or both, this finding suggests that a higher proportion of MM in African Americans is either of the trisomic subtype of MM. However, more data are needed on the distribution of the major cytogenetic abnormalities by race in MM. In this study, we sought to determine whether the distribution of the four most common cytogenetic abnormalities, t(11;14), t(4;14), del13q and del17p, differs in blacks compared with whites in a multi-center national study using medical records and fluorescent in situ hybridization (FISH) studies conducted as part of routine clinical care.
MATERIALS AND METHODS

Participating institutions
Collaborations were established between Mayo Clinic (Rochester, MN, USA) and three major institutions with large African American clinical practices: University of Maryland at Baltimore, MD, USA; Cook County Hospital, Chicago, IL, USA; and Rush University Medical Center, Chicago IL, USA. Data were abstracted by AJG from the records of 292 eligible black patients across the four participating institutions. Institutional Review Board's approval was obtained from all sites.
Case eligibility and data collection Patient data were collected according to a standardized case report form developed at Mayo Clinic. All patient data were de-identified and replaced with a study code. Inclusion criteria for African American patients were that (1) they were newly diagnosed (not relapsed), (2) diagnosed between 1 January 2006 and 31 January 2013 and (3) had clinical cytogenetic and FISH analyses available in the medical record within year before or 6 months after diagnosis. This yielded 292 eligible patients. Specifically, information regarding probes and clinical results for t (11;14) , t(4;14), monosomy 13/del13q and del17p on FISH testing was abstracted. Patients were then categorized based on the presence/absence of these abnormalities. These abnormalities were chosen for this study, because probes to detect these are used almost universally, enabling comparisons between blacks and whites studied at various centers. In contrast, probes to detect trisomies and other IgH translocations are used less often, and racial differences may reflect probe strategy rather than true differences. We classified individuals without any of these four abnormalities as 'potential other' to indicate that they likely harbor other cytogenetic abnormalities, but reliable comparisons were not possible, because the probes to detect these were not used uniformly across the various centers. Data on African American patients were compared with an established sample of 471 white Mayo Clinic MM patients. 5 
Statistical analysis
Differences for each of the four cytogenetic abnormalities (t(11;14), t(4;14), monosomy 13/del13q and del17p) were compared individually between blacks and whites enrolled in the study using the Chi-squared tests. Cochran-Mantel-Haenszel tests were conducted to determine whether there were significant differences in cytogenetic abnormality by age and race.
RESULTS
Of the patients eligible, data were available and collected on 292 African American MM patients from the four participating institutions and the comparison group of 471 white patients from Mayo Clinic (Table 1) . Median age at diagnosis was significantly younger in blacks (59 years) compared with whites (63 years; Po 0.0001). A significant difference was found in the distribution of gender between the two patient groups (44.5% male in blacks, 60.1% male in whites; P o 0.0001).
When examining the overall distribution across the four different cytogenetic subtypes, we found evidence of a significant difference by race (Table 1 , P o 0.0001). Further analysis of the individual cytogenetic abnormalities demonstrated lower frequencies of each of the four abnormalities in blacks compared with whites (Table 1 ). There was a lower prevalence of the t (11;14) translocation by race in blacks compared with whites, 6.5% in blacks versus 17.6% in whites, P o 0.0001. A difference was also observed in the prevalence of monosomy 13/del13q by race, 29.1 versus 47.3%, respectively, P o 0.0001. Blacks also had lower rates of t(4;14) and monosomy 17/del17p compared with whites (Table 1) . Also, 63.4% of blacks had none of the four abnormalities studied compared with 34.6% of whites, P o 0.0001.
Patients were then stratified by age into o 60 years or ⩾ 60 years (Table 2) . Within each age group, blacks showed lower frequencies of the four abnormalities than whites. Conversely, whites in both age groups had lower frequencies of 'potential other' abnormalities ( Table 2 , P o 0.0001). Black patients who were aged ⩾ 60 years had the lowest frequency of del17p (5.7%) compared with other age groups in both races.
DISCUSSION
In the present study, we conducted a multicenter study to assess the frequency of four cytogenetic abnormalities routinely tested for with FISH probes in black patients with MM. We then compared these results with 471 white patients with MM seen at the Mayo Clinic in Rochester, MN, USA who were part of a welldefined cohort of MM that we have previously studied. 2, 12 Although MM is clinically considered as a unique disease, it is likely a collection of several cytogenetically unique malignancies that are considered together as one entity solely, because they arise from plasma cells and have roughly similar clinical features. 15 As the racial disparity in the incidence of MM is marked (relative risk of ⩾ 2 in blacks), it is unlikely that the increase in risk is shared by all cytogenetic subtypes of the disease. Our hypothesis is that the racial predisposition in MM is driven largely by an excess risk of one or more specific cytogenetic subtypes of MM.
In this study, we found that the frequency of the t(11;14) translocation is significantly lower in blacks compared with whites, and this difference was similar across age. We also found a lower rate of the t(4;14) translocation. Our findings are similar in this regard to that reported by Fonseca and colleagues.
14 In our study, 63.4% of blacks versus 34.6% of whites did not have any of the four abnormalities that we studied, P o0.001. As almost all MM is associated with either an IgH translocation or trisomies (or both together), we hypothesize that MM in blacks is associated with either excess prevalence of either the trisomic (hyperdiploid) form of MM or an IgH translocation besides t(11;14) or t (4;14) . Based on earlier studies by Fonseca and colleagues showing lower rate of IgH translocations in blacks, 14 we hypothesize that most of the disparity is due to a higher prevalence of trisomic form of MM in blacks. This form of MM has a better prognosis 12 and has a better outcome with lenalidomide therapy. Thus one would expect that blacks with MM, especially those treated with lenalidomide, will have a better outcome. 16 In fact, in a recent ECOG randomized trial that utilized lenalidomide in both arms, although response rates were similar, overall survival was significantly superior in non-whites (almost all blacks) compared with whites, supporting this hypothesis. 17 However, additional studies with information on trisomies and treatment will be important to confirm this hypothesis.
In addition, we found lower rates of monosomy 13/del13q and monosomy 17/del17p in blacks. Monosomy 17p/del17p has been associated with shorter survival in MM, and the disparity in prevalence of this cytogenetic abnormality may provide an additional explanation for the difference in survival seen between black and white MM patients. The effect of monosomy 13/del13q detected on FISH is of uncertain prognostic significance. This is one of the largest studies comparing the prevalence of cytogenetic abnormalities in blacks versus whites with MM. It also draws strengths from being multi-centered and having a welldefined control group. However, as with any medical record-based investigation, there are limitations. First, as institutions and clinical laboratories use different probe-sets, we were limited in which cytogenetic abnormalities we could examine with confidence. Second, it is possible that differences in FISH methods across institutions, for example, whether there was sorting of CD138-positive cells or not, and the thresholds for positive and negative, may have affected our results. Third, we could not match patients by key clinical variables, although we tried to limit the effects of age as shown by the analysis in Table 2 . Further study needs to be conducted using patients matched by race and geographic region and patients studied with uniform probe-sets to determine whether these biases are influencing our results. Finally, it is possible that there may be differences in the type of patients who are referred to specialized institutions that could affect the comparisons. Future studies should include a comprehensive MM probe panel so as to be able to determine the exact prevalence of additional translocations and trisomies across racial groups. These will be of greater importance as the treatment options available for the disease increase, 18, 19 and it is likely that there will be variations in response to therapy based on the underlying cytogenetic subtype and race. P-values represent Cochran-Mantel-Haenszel tests within race and age.
